The nitrifying autotroph Nitrobacter has been recognized to have a specific dependence upon its substrate nitrite since it was first isolated in pure culture by Winogradsky (1891) . Since that time there have been numerous reports, some of them conflicting, of the influence of organic compounds on the growth of this and other autotrophic organisms. Some of the inconsistencies relating to the effect of organic compounds on these organisms can be traced to differences in technique. Reports of the suppression of nitrification by organic compounds can have their basis in competitive phenomena if the study was conducted with mixed flora. Even with pure cultures, anomalous results can be obtained due to secondary effects. For example, Winogradsky and Omeliansky (1899a, b, c) probably initiated the concept of organic toxicity with their report that glucose and a number of other organic compounds inhibited nitrification. Meyerhof (1917) , however, observed no general toxic effects, although he did give quantitative data on inhibitory phenomena caused by a number of substances, particularly some lipid-soluble materials. Jensen (1950) demonstrated that glucose sterilized by filtration was not inhibitory to Nitrosomonas, whereas, if it was sterilized by autoclaving, some toxicity was observed. This he attributed to the formation of mannose in autoclaving. Working with mixed flora in a percolation system, Lees and Quastel (1946a, b, c) developed a different pattern of effects due to organic compounds (see also Quastel and Scholefield, 1949) .
These and other more recent studies (Meiklejohn, 1951 (Meiklejohn, , 1952 have served to emphasize that one cannot generalize that organic compounds are inhibitory to nitrifying organisms, although some specific cases of inhibition by some compounds can be demonstrated (Lees, 1952; Jensen and Sorensen, 1952) .
The stimulating effect of organic compounds on both nitrification and the growth of nitrifying organisms has also been reported. Although both Nitrosomonas and Nitrobacter can be grown on mineral media with no organic additions, stimulatory effects have been reported for small concentrations of a number of organic additions, including yeast extract (Murray, 1923) , "Nahrstoff-Heyden" (Kingma Boltjes, 1935) , biotin (Funk, Krulwich, and Guttman, 1964) , and probably others (see Bomeke, 1948) .
MIost of the studies referred to above were concerned with the nitrifiers as a group, and, although in some cases specific distinction was made between Nitrosomownas and Nitrobacter, frequently the overall oxidation of ammonium ion to nitrate was followed. Among the pureculture studies, more work has been done with CARBON AND ENERGY SOURCES FOR NITROBACTER NAitrosomonas than with Nitrobacter, but, with both of these organisms, the specificity for an inorganic substrate is recognized. Recent techniques making possible the isolation of cell-free systems capable of carrying on a variety of enzymatic reactions have been applied to Nitrobacter, and the variety of heterotrophic reactions which these cells possess further heightens the curiousness of their substrate specificity (Delwiche, Burge, and Malavolta, 1963) .
The present report, as companion to the accompanying independent communication of Ida and Alexander (1965) , is concerned primarily with the specificity of Nitrobacter for nitrite and the extent to which other compounds can contribute carbon to the cell material of Nitrobacter.
MATERIALS AND METHODS Nitrobacter agilis was grown in a medium similar to that described by Aleem and Alexander (1958) (Finstein and Delwiche, 1965) .
Radioactive glucose, glycine, glutamic acid, acetate, and formate (all from Calbiochem) were chromatographically pure to 99% or better. Radioactivity was determined by use of a thinwindow (1.8 mg/cm2) Geiger counter, with an efficiency of 11%.
RESULTS
As a preliminary study in the evaluation of possible effects of organic amendments, different levels of yeast extract (Difco) (Finstein and Delwiche, 1965 Glycine-2-C4.
20.0 14.8 * Cells from a 6-day-old 18-liter culture of Nitrobacter were harvested by centrifugation and suspended in 100 ml of culture medium. Above additions were made to 10-ml volumes of this suspension, which were incubated for 2 hr. Cells were separated from culture by centrifugation and washed, and radioactivity of an appropriate sample was determined. Remaining cells were extracted with boiling 70% ethyl alcohol, and radioactivity of extract was determined. The assimilation of radioactivity into cell material from glycine-1_C14 and glycine-2-C'4 was closely similar, suggesting assimilation of the complete molecule or a two-carbon derivative of it.
A number of organic compounds were examined for their effect on cell developmient and nitrite oxidation (Table 4) . Serine or 10-3 ii glutamate had some stimulatory effect, resulting in a disappearance of nitrite approximating that obtained in the presence of 200 ug/ml of Vitamin Free Casamino Acids; valine, hydroxyproline, and threonine were quite strongly inhibitory.
In contrast to results obtained with yeast extract, the rate of cell development, as measured by changes in optical density, was not greatly stimulated by any single organic amendment tried, with the exception of acetate. Since isotopically labeled organic materials were apparently assimilated and incorporated into cell material, it would appear that cell division was dependent upon some other rate-limiting factor and not the synthesis of compounds represented by any of the additives used. This would suggest that these compounds might have a sparing t All additions at a concentration of 10-3 M.
action on the consumption of nitrite over an extended incubation period, and that any such sparing action would be manifested in a greater total cell production. Results of an experiment designed to test this possibility are given in Table  5 . A number of the compounds tested did show a slight sparing action, and acetate was particularly effective. This study was conducted with the organic amendments present in the culture solution at a concentration of 10-3 M, and with a total nitrite consumption of 8.5 ,umoles/ml. Optical densities were measured after 6 days of incubation. Although the tracer studies showed a large incorporation of the nitrogen from glycine into cell material, comparable with that obtained with acetate, the compound had no sparing action and was, if anything, inhibitory. Similar results were obtained at 10-2 M concentration.
Because of this evident incorporation of organic carbon into the cell structure, the possibility of these compounds acting as a sole source of cell carbon was examined. Cultures of Nitrobacter in a medium from which carbonate had been excluded and which was aerated with C02-free air were provided with various sources of carbon, including yeast extract, Vitamin Free Casamino Acids, carbohydrates, and Nitrobacter extract (Table 6 ). In none of these was there any significant consumption of nitrite or anv evidence of growth as indicated by turbidity, even after a 6-week incubation period, whereas similar cultures aerated with atmospheric concentrations of carbon dioxide consumed all of the nitrite supplied early in the incubation period.
DISCUSSION
Although Nitrobacter is obligatively dependent upon its substrate nitrite and requires CO2 for growth, the presence of some organic compounds and mixtures of compounds has a stimulatory effect on nitrification and growth. Other organic amendments, notably valine, hydroxyproline, and threonine, of those tried, were inhibitory to nitrification in the medium used for these studies. None of the organic compounds tried had any great stimulatory effect on the rate of cell development as determined over comparatively short periods of time when adequate substrate nitrite was provided.
In longer incubation periods when nitrite became limiting, some organic compounds showed a slight sparing effect with a greater yield of cells per unit of nitrite consumed, and acetate produced a twofold increase in growth. Carbon from a number of compounds was incorporated into cell material. Neither cell development nor nitrification took place unless carbon dioxide was DELWICHE AND FINSTEIN provided, presumably as a carbon source. The undoubted ability of Nitrobacter to metabolize a large variety of organic compounds and the probability that energy can be realized by the utilization of these compounds leaves unanswered the nature of the substrate specificity of these organisms. Either some key synthetic mechanism is directly coupled to the oxidation of nitrite, or some other answer must be sought for the inability of these organic compounds to serve as suitable substrate for cell development. The interesting cytological work of Murray (1963) suggests that Nitrobacter is quite different from other microorganisms in its structure. It is possible that, because of this structural uniqueness, the comparative permeability of the cell to organic compounds is much less than that of other microorganisms, including the heterotrophic ones. If this was the only limiting factor, however, it would be anticipated that some cell division would be observed in the presence of a purely organic substrate, and no evidence for this has been obtained.
